Study Design: Preliminary study. Purpose: To assess the association of neuropathic pain with chronic low back pain (LBP) and the effect of pregabalin on neuropathic pain in the elderly. Overview of Literature: Of those with chronic LBP, 37% were predominantly presenting with neuropathic pain in young adults. Pregabalin is effective for pain in patients with diabetic neuropathy and peripheral neuralgia. No study has reported on the effects of pregabalin for chronic LBP in elderly patients yet. Methods: Pregabalin was administered to 32 patients (age, ≥65 years) with chronic LBP for 4 weeks. Pain and activities of daily living were assessed using the Neuropathic Pain Screening Questionnaire (NePSQ), the pain DETECT questionnaire, visual analog scale, the Japanese Orthopedic Association score, the short form of the McGill Pain Questionnaire and the Roland Morris Disability Questionnaire. Modic change and spinal canal stenosis were investigated using magnetic resonance imaging. Results: Altogether, 43.3% of patients had neuropathic pain according to the NePSQ and 15.6% patients had pain according to the pain DETECT. The efficacy rate of pregabalin was 73.3%. A significant effect was observed in patients with neuropathic pain after 4 weeks of administration. Conclusions: Neuropathic pain was slightly less frequently associated with chronic LBP in the elderly. Pregabalin was effective in reducing pain in patients with chronic LBP accompanied with neuropathic pain. Lumbar spinal stenosis and lower limb symptoms were observed in patients with neuropathic pain. We recommend the use of pregabalin for patients after evaluating a screening score, clinical symptoms and magnetic resonance imaging studies. 
Introduction
Chronic low back pain (LBP) that afflicts the elderly is the most difficult to treat. In addition, it is difficult to treat elderly patients because they easily rebuff their medical treatment. The underlying pathological mechanisms and medical management of LBP in workers, which has been the subject of countless research, remains still unclear [1] . Non-specific ailments may be diagnosed in most of these patients with LBP [2] . Woolf et al. [3] proposed that pain symptoms and syndromes should be classified into 2 broad mechanism-based pain categories: tissue-injury pain (nociceptive) or nervous system injury pain (neuropathic). Both nociceptive and neuropathic mechanisms of pain play a role in chronic LBP [4, 5] . Freynhagen et al. [6] clarified that 37% of 7,772 patients (age, 42-63 years) with various forms of chronic LBP predominantly had neuropathic pain. Furthermore, includingthe possibility of having an element of neuropathic pain is reaching also to 64.7% using a simple patient-based questionnaire (pain DETECT questionnaire). Kaki et al. [4] also proposed that 54.7% of patients with chronic LBP (mean age, 46.3 years) had neuropathic pain based on the Leeds Assessment of Neuropathic Symptoms and Signs pain scale. However, to our knowledge, there is no report on the association of neuropathic pain among elderly patients with chronic LBP.
Pregabalin is worldwide used for the treatment of neuropathic pain [7] . Regardless of the primary cause it is administered as the initial treatment of choice for neuropathic pain [8] . Pregabalin functions by modulating the alpha-2-delta subunit of the voltage-gated calcium channel, thus relieving neuropathic pain [9] . Randomized, placebo-controlled clinical trials have shown the efficacy of pregabalin for pain relief in patients with diabetic neuropathy and peripheral neuralgia [10, 11] . Reports about its effect on chronic LBP in elderly patients are scarce. This study aimed to identify the association between neuropathic disorder and chronic LBP in elderly patients and to assess the efficacy of pregabalin treatment on LBP.
Materials and Methods
In this study, 32 patients (age, ≥65 years) with chronic LBP were recruited and followed up for 3 months who visited the National Center for Geriatrics and Gerontology from January to December 2012. After verifying the ineffectiveness of a non-steroidal anti-inflammatory drug (NSAID) treatment for one month, all patients were assessed using the Neuropathic Pain Screening Questionnaire (NePSQ) [12] (neuropathic pain was given a score of six or more points, if present) and the pain DETECT questionnaire [6] (neuropathic pain was given a score of thirteen or more points, if present). Moreover, a 4-week treatment with 75 mg of pregabalin was prescribed to each patient to be taken orally before bedtime. Other medications including NSAIDs were not taken allowed during the study period. The origin of LBP was classified as motion-induced LBP and walking-induced LBP and LBP was analyzed accordingly. Motion-induced LBP was defined as LBP that appears at the time of rising from bed or sitting position and walking-induced LBP as LBP that appears while standing up or walking. Pain was assessed using the visual analog scale (VAS, 0-10), the Japanese Orthopedic Association (JOA) score, sensory pain rating index (S-PRI), and affective pain rating index (A-PRI) [13] short form of the McGill Pain Questionnaire (SF-MPQ) and Roland Morris Disability Questionnaire (RDQ) [14] . Pain was evaluated every two weeks. Radiographic evaluations included the lordosis angle, scoliosis angle, sacral inclination angle, and the lumbar range of motion. Magnetic resonance imaging (MRI) was used to determine the presence of a lumbar spinal canal stenosisand a vertebral endplate signal change (Modic change [15] ) and to evaluate the area of the erector spine muscle and lumbar multifidus muscle at the level of L1/2 and L4/5. Patients with leg pain intensity greater than the LBP, acute thoracolumbar spinal fracture, diabetes, dementia and/or a history of pregabalin use were excluded. All measurements were done after obtaining the patient's informed consent and no medical payments or other benefits were given. Ethical approval was given by the ethics committee of the National Center for Geriatrics and Gerontology. The statistical analysis was performed using StatView 5.0 (ABACUS, Berkeley, CA, USA). The quality of means for continuous variables was assessed using the Mann-Whitney U-test. A one-way analysis of variance for repeated measures and Fisher's protected least significant difference as the post hoc test were used to compare dependent measurements obtained before and after pregabalin administration. A p-value of 0.05 or less was considered statistically significant.
Results

Chronic LBP in association with neuropathic pain
We included a total of 30 patients (21 male and 9 female patients) with an average age of 72.0±6.2 years (range, 65-87 years) who were followed up after the 4-week treatment. Somnolence and dizziness in 11 patients and weight gain in 1 patient were the reported secondary adverse effects of pregabalin. Two patients discontinued the medication because of dizziness. Neuropathic pain was identified in 13 patients (43.3%) using the NePSQ and in 5 patients (15.6%) using pain DETECT. As indicated by both assessment methods, the neuropathic pain was significantly reduced with age. Patients who were diagnosed to have neuropathic pain using pain DETECT (p<0.05) were also diagnosed to have neuropathic pain using NePSQ. As for neuropathic pain using NePSQ, the affected period was significantly long (p<0.05). VAS scores indicated a significantly high incidence of neuropathic pain according to both questionnaires (NePSQ, p<0.05; pain DETECT, p<0.01). The S-PRI score in the SF-MPQ, which is indicative of neuropathic pain, was significantly high (NePSQ, p<0.01; pain DETECT, p<0.05), and this score was associated with lower extremity symptoms and neuropathic pain according to the NePSQ (p<0.05). According to the JOA score and RDQ, the activities of daily living did not show a significant association with the incidence of neuropathic pain. No significant association with the incidence of neuropathic pain was also observed in lumbar lordosis angle, scoliosis angle, range of motion and sacral inclination angle. On MRI evaluations, no significant association with the incidence of neuropathic pain was observed in the lumbar multifidus and erector spine muscle area. The NePSQ indicated a significantly reduction of Modic end plate change (p<0.05) and a lumbar spinal canal stenosis was statistically significant in the neuropathic pain (p<0.05) ( Table 1 ).
Efficacy of pregabalin on the reduction of neuropathic pain
Five patients reported an excellent pain relief, 17 patients reported a good pain relief and 8 patients reported no effect (efficacy rate, 73.3%) after an administration of pregabalin for 4 weeks. The pain relief onset occurred on an average of 10.2±5.6 days after administration. In cases with neuropathic pain, there was no significant difference in the effectiveness rate and the onset of pain relief (Fig. 1) . The VAS score was reduced with time and a significant improvement was obtained at 4 weeks (p<0.05). The rates of reduction in the VAS score according to both questionnaires were statistically significant in patients with neuropathic pain (p<0.05) (Fig. 2) . The JOA score and RDQ were not significantly different in patients with neuropathic pain (Figs. 3, 4) , but both evaluations showed a significant improvement in neuropathic pain after 4 weeks, according to the S-PRI of the SF-MPQ (Fig. 5 ).
Evaluation of pregabalin according to the pathogenesis of LBP
The results indicated that 18 patients had a motioninduced LBP and 14 patients had a walking-induced LBP. There were no significant differences in age, sex and each pain score. There was as also no significant difference in the scores of NePSQ and pain DETECT ( Table 2) . Pregabalin showed a significant improvement in the walkinginduced LBP and in the VAS. There was a significant reduction of motion-induced LBP after 4 weeks of medication (Fig. 6 ).
Discussion
The association between neuropathic pain and LBP has been demonstrated with various screening tests and this association was found to be present in 20%-50% of patients [4] [5] [6] 16] . However, these studies were mainly performed in young populations. In elderly patients, owing to the influence of the spinal degeneration component, it is predicted that the rate of nociceptive pain is high, but no studies have validated this hypothesis. In the present study, the neuropathic pain screening test scores and pain DETECT indicated that 43.3% and 15.6% of elderly patients with chronic LBP had neuropathic pain, respectively. The scores were lower than those reported in previous studies on young patients. The association between neuropathic pain and chronic LBP has been attributed to the damage to nerve tissue, which generates mechanical pressure and inflammation of the nerve root due to disc degeneration or a herniated intervertebral disc [16] . Unlike nociceptive pain, neuropathic pain may easily undergo a chronic evolution and patients find it difficult Fig. 1 . Neuropathic pain and the effects of pregabalin. The evaluation of neuropathic pain by using questionnaires yielded similar results with regard to the effects of pregabalin and pain onset and did not show a significant difference between the presence and absence of neuropathic pain. NS, no significant. Fig. 3 . Changes in the JOA score and improvement ratesaccording to both questionnaires. The JOA score improved after pregabalin administration, but there were no significant differences between neuropathic pain and nociceptive pain in both questionnaires. NS, no significant; JOA score, Japanese Orthopaedic Association score.
Fig. 4. Changes in the Roland
Morris Disability Questionnaire (RDQ) and percent improvement according to both questionnaires. The RDQ tended to improve after pregabalin administration, but there were no significant differences between neuropathic pain and nociceptive pain in both questionnaires. NS, no significant.
Fig. 2.
Changes in visual analogue scale (VAS) scores for low back pain and the percentageof improvement according to both questionnaires. According to the Neuropathic Pain Screening Questionnaire, the VAS score for low back pain significantly improved 4 weeks after pregabalin administration, irrespective of neuropathic pain. According to the pain DETECT Questionnaire, the VAS score in patients with neuropathic pain was significantly higher than in those without neuropathic pain and this difference was seen 4 weeks after pregabalin administration. In both questionnaires, the percentage of improvement in VAS scores was significantly higher in patients with neuropathic pain than in those without.
to adapt to such chronicity [17] . Furthermore, if the nociceptive pain presents repeatedly, a peripheral or central sensitization may occur. If this pain becomes chronic, it is said that both nociceptive and neuropathic pain compo- nents are present [18] . Although the elderly have a high possibility of suffering from joint deformity, inflammation and instability that may cause nociceptive pain, the rate of neuropathic pain may increase depending on the chronicity or duration of neuropathic pain, as indicated by our study. The differential diagnosis for nociceptive pain and neuropathic pain is explained by the diagnostic flow chart [19] for neuropathic pain of the International Association for the Study of Pain. The definite diagnosis of neuropathic pain is established by the presence of disturbance of sensation in a nerve-controlled domain and nerve damage or by the confirmed diagnosis indicative of neuropathic pain. However, its generally not easy to make the differential diagnosis in a clinical setting. Furthermore, in LBP, owing to the involvement of both nociceptive and neuropathic pain, it seems impossible to diagnose neuropathic pain using this flow chart. In fact, various diagnostic tools are used in clinical practice to rule out the possibility of neuropathic pain more easily. Of these, we compared the neuropathic pain screening tool developed specifically for the Japanese with the pain DETECT that is used globally. Both screening tools contain similar questions, however, pain DETECT has more items compared with NePSQ which is oriented as a simplified questionnaire. Our results suggest that pain DETECT is more stringent than the neuropathic pain screening tool and it is thought that pain DETECT is more suitable in order to diagnose neuropathic pain with certainty. However, since LBP involves a mixture of pain types, the direction given by the NePSQ is helpful in determining a treatment course. Moreover, we evaluated neuropathic pain using the SF-MPQ as well so that emotional and subjective explanations could also be considered.
The possibility of a nervous involvement in LBP has been considered because of reports of reduced LBP after a nerve root block [20, 21] , spinal pain mapping [22] and decompressive surgery [23, 24] . Because intermittent claudication, a main condition of a lumbar spinal canal stenosis causes pain in the extremities after maintaining an upright standing position and/or walking, it is suspected that LBP exacerbated during walking involves a similar neuropathy. Takahashi et al. [25] , using surface electromyography, reported that an exacerbation of LBP while walking occurred due to the dysfunction of back muscles, characterized by an increased pressure and fatigue of the muscles. The compression of the cauda equine and/or lumbar nerve roots such as that noted in a lumbar spinal canal stenosis results in a multifidus muscle impairment; this impairment possibly causes neuropathy because the lumbar multifidus muscle that receives the medial branch of the lumbar dorsal rami has a segmental nerve supply [26] . We compared the effect of pregabalin for walking-and movement-induced LBP, which mainly occur while standing. Thus, the MRI findings of patients with LBP considered to have neuropathic pain according to a screening test indicate a degeneration of the end plate; however, there were many cases of spinal canal stenosis. Although our study does not confirm the existence of neuropathic LBP, we consider that our findings support the hypothesis that a treatment with pregabalin has a greater effect in patients with neuropathic pain as determined using screening tools and patients with walkinginduced LBP, leading to the feasibility of pregabalin for There is a report on the efficacy of pregabalin in the treatment of lumbar radiculopathy [27] and another on its validity for the perioperative administration in lumbar surgeries [28] in an orthopedic setting. However, there are no reports on the validity of pregabalin on chronic LBP, except for a report by Romano et al. [29] in which a combination of pregabalin with a selective cyclooxygenase-2 inhibitor was used. This combination therapy showed better results than a pregabalin monotherapy in patients with chronic LBP aged 75 years at maximum (mean age, 53 years). In the present study, we found that the validity of pregabalin was accepted, irrespective of the existence of neuropathic pain in elderly patients with chronic LBP in this research. Nociceptive pain shifts to neuropathic pain once it becomes chronic, but this cannot be completely perceived by a screening score. However, the level of pain relief was greater in patients with neuropathic pain. The effects of pregabalin were notably seen in the VAS or SF-MPQ that may reflect the neuropathic pain, whereas no improvement was seen in the JOA score and RDQ that represent the evaluation in activities of daily living. This seems to be attributed to the mechanism of the pregabalin effect. Pregabalin is known for its anticonvulsant functions by modulating the alpha-2-delta subunit of the voltage-gated calcium channel mainly for relieving the neuropathic pain [9] , whereas opioids affecting affect the central nervous system have their effects in the improvement of activities of daily living in patients with chronic LBP [30] . While determining the effects of pregabalin on chronic LBP, we should consider its clinical incidence, a screening score or VAS and the neuropathic pain using the SF-MPQ and the existence of LBP secondary to a pathology such as cauda equina neuropathy, nervous system conditions affecting lower limbs, spinal canal stenosis and walking-induced LBP.
The primary limitation of the analyses is that those were not powered to assess the effect of pregabalin. Thus, we take the results as preliminary and in need of replication. This study presented with a short follow-up period of 4 weeks, therefore long-term outcomes may be different from our data. To our knowledge, there are no previous reports focusing on neuropathic LBP in the elderly patients and the effects of pregabalin. For further investigation, it is required to assess the diagnosis of neuropathic LBP and a reasonable therapeutic administration.
Conclusions
Our study results suggest that pain DETECT is more suitable than the neuropathic pain screening tool in order to diagnose neuropathic pain of chronic LBP. However, the direction given by the NePSQ is helpful in determining a treatment course because LBP involves a mixture of pain types. Since neuropathic pain is considered as a part of the underlying mechanisms of a chronic LBP, pregabalin could also be adopted for the elderly patients with chronic LBP and with neuropathic pain.
